INTRODUCTION
============

Systemic lupus erythematosis (SLE) is a common autoimmune disease. The pathogenesis of SLE and the induced factors of active SLE are not completely clear, but it is generally considered that SLE is caused by both hereditary and environmental factors that ultimately lead to an abnormal immune response. Sunlight and ultraviolet (UV) rays have been considered to be the most important environmental factors in the induction of SLE.[@b1-cln_66p1009] Based on this, a high incidence of SLE should occur in summer and autumn when there is stronger sunlight and more intense UV rays. However, in clinical practice, we have found that more patients with SLE visit hospital at the end of autumn and at the end of winter, as well as at the beginning of winter and the beginning of spring, while in the summer and the autumn, less patients with SLE visit hospital. In order to confirm that high incidences of SLE should occur in summer and autumn when sunlight and UV rays are strong, we retrospectively analyzed the characteristics of seasonal distribution of active SLE and its correlation with meteorological factors in 640 patients, who live in the city of Zhanjiang, China and had active SLE between January 1997 and December 2006.

MATERIALS AND METHODS
=====================

All study methods were approved by ethics committee of Affiliated Hospital of Guangdong Medical College. All the subjects enrolled in the study gave written formal consent to participate.

Clinical data
-------------

The 640 patients with active SLE were attented the Affiliated Hospital of Guangdong Medical College between January 1997 and December 2006. All patients conformed to the diagnostic criteria for SLE published by the American College of Rheumatology in 1982.[@b2-cln_66p1009] Of the 640 patients, 567 were female and 73 were male, with a mean age of (28.8**±**12.1) years (range: 5--69). Disease duration was between 2 days and 20 years. SLE disease activity index (SLEDAI) was evaluated with a SLEDAI score system in all patients. The patients with SLEDAI ≥10 were considered to have severely active SLE and were included in the study. Of the 640 patients, SLE occurred for the first time or recurred as a result of stopping treatment when their condition improved. Of the patients who had been hospitalized several times as a result of a flare episode with SLEDAI ≥10, we only recorded the first data. The patients in whom SLEDAI score could not be calculated as a result of incomplete clinical data, infection, or who were living more than 100 km from the city center were excluded from this study.

Meteorological data
-------------------

Meteorological data between January 1997 and December 2006 were obtained from the Weather Bureau of Zhanjiang City, and the mean temperature and humidity of each month were calculated.

Analysis of data
----------------

The absolute and relative numbers of the patients with active SLE (relative to the total number of inpatients) were calculated. The correlations between the number of patients with active SLE and meteorological factors including temperature and humidity were analyzed.

Statistical analysis
--------------------

Statistical analysis was performed with SPSS (12.0) software. *χ^2^* test was used for the comparison of ratios. Spearman analysis was used to evaluate the correlations between the number of patients with active SLE and meteorological factors. Statistical significance was established at p\<0.05.

RESULTS
=======

Characteristics of seasonal distribution of patients with active systemic lupus erythematosus (SLE)
---------------------------------------------------------------------------------------------------

Between January 1997 and December 2006, there were 640 patients who conformed to the diagnostic criteria for SLE and had a SLEDAI score of ≥10. Results indicated that the number of patients with active SLE was highest in winter (December, January and February) and lowest at the junction between summer and autumn (July, August and September). Distribution of the 640 patients over 12 months is shown in [Figure 1](#f1-cln_66p1009){ref-type="fig"} and [Table 1](#t1-cln_66p1009){ref-type="table"}.

Ratios of patients with active systemic lupus erythematosus (SLE) relative to total inpatients
----------------------------------------------------------------------------------------------

Results indicated that the total number of inpatients was less in January and February, and there was no significant difference in the number of inpatients between other months. The ratios of patients with active SLE relative to total inpatients are shown in [Table 2](#t2-cln_66p1009){ref-type="table"}. The trend of relative ratios of patients with active SLE was consistent with that of the absolute number of patients with active SLE. Namely, that the relative ratios of patients with active SLE were the highest in December, January and February, and lowest in July, August and September. The relative ratio of patients with active SLE was significantly higher in winter (December, January and February) than in spring (March, April and May), summer (June, July and August) and autumn (September, October and November) (p\<0.001). There was no statistical significance in relative ratios of patients with active SLE between spring, summer and autumn (p\>0.05).

Correlation between the number of patients with active systemic lupus erythematosus (SLE) and the mean temperature
------------------------------------------------------------------------------------------------------------------

The years between January 1997 and December 2006, were divided into 120 months with a 'month\' categorized as a unit. Then the mean temperature of each month was calculated. The correlations between the number of patients with active SLE and the mean temperature in the same month were analyzed; it was found that there was a significantly inverse correlation between both (r = -0.352, p\<0.001, [Figure 2](#f2-cln_66p1009){ref-type="fig"} and [Table 1](#t1-cln_66p1009){ref-type="table"}).

Correlation between the number of patients with active systemic lupus erythematosus (SLE) and mean humidity
-----------------------------------------------------------------------------------------------------------

The years between January 1997 and December 2006 were divided into 120 months with a 'month\' categorized as a unit, and then the mean humidity of each month was calculated. The correlations between the number of patients with active SLE and the mean humidity in the same month were analyzed; it was found that there was no significant correlation between either (r = -0.053, p\>0.05, [Figure 3](#f3-cln_66p1009){ref-type="fig"}).

DISCUSSION
==========

Aside from hereditary factors and sexual hormones,[@b3-cln_66p1009],[@b4-cln_66p1009] environmental factors are also among the main factors in the induction of SLE.[@b5-cln_66p1009] Considering environmental factors, UV-induced SLE has attracted much attention. UV light may induce auto-antigenic apoptotic particles resulting in DNA peroxidation and up-regulation of some cytokines and chemotactic factors, resulting in SLE or its recurrence.[@b6-cln_66p1009] Based on this, the incidence of SLE in the summer and the autumn, when there is stronger sunlight and stronger UV rays, should be higher. However, there have been different reports regarding seasonal distribution of active SLE.[@b7-cln_66p1009]--[@b12-cln_66p1009] Differing results may be due to the fact that patients lived in various geographical locations, the sample sizes were small, and SLE was stable in the patients who were being followed-up and being treated with drugs, which failed to objectively reflect seasonal distribution of active SLE.

The purpose of this study was to explore seasonal distribution of active SLE. Our hospital is the largest hospital in the local area (Zhanjiang City, Guangdong Province, China) and is also the control center for rheumatic autoimmune disease. The majority of patients with SLE in Zhanjiang City attend the hospital for diagnosis and treatment. Patients with active SLE in this study reside in Zhanjiang City. According to the SLEDAI score system, SLEDAI \<5 was considered as mild SLE, 5--10 as moderate and \>10 as severe.[@b13-cln_66p1009] Hormones and immunosuppressive agents are generally given when the SLEDAI is ≥6.[@b14-cln_66p1009] After administration of hormones and immunosuppressive agents, most patients still have moderate SLE (SLEDAI: 5--10) for a lengthy period. Although therapy is effective, SLEDAI fails to decrease to 0. To ensure patients had active SLE, only patients with a SLEDAI of ≥10 were included in this study. These patients, therefore, basically reflect the distribution of active SLE in Zhanjiang City.

Our results indicate that the number of patients with active SLE was highest in winter (December, January and February) and lowest in summer (June, July and August). To eliminate the influence of other factors, we also analyzed the total number of inpatients each month between January 1997 and December 2006 and calculated the ratio of patients with active SLE relative to the total number of inpatients. We also found that the relative ratio of patients with active SLE was significantly higher in winter than in other seasons. Zhanjiang City is located at east longitude 110.3° and northern latitude 21.2°, and has a subtropical climate regulated by the ocean. Based on collected meteorological data, the annual mean temperature is 23.2°C. In July, the mean temperature is 29.1°C, there is the most daylight and sunlight intensity is strongest. In January, the mean temperature is 16.6°C, there is least daylight and sunlight intensity is weakest. In contrast with the traditional viewpoint that the highest incidence of SLE should occur when sunlight and UV rays are strong, our results show that the number of patients with active SLE is fewer in summer when UV rays are stronger, while there is a higher incidence in winter when UV rays are weaker. Our study failed to discover whether various lupus lesions have seasonal distribution; however, Schlesinger et al.[@b15-cln_66p1009] found that the incidence of membranous lupus nephritis increased in winter.

It is known that many infectious diseases have seasonal distributions, and high incidences of infectious diseases mostly occur in winter.[@b16-cln_66p1009] Some virus infections are positively correlated with serum anti-ds-DNA antibody titers of patients with SLE.[@b17-cln_66p1009] A high incidence of virus infection of the respiratory tract occurs in winter and spring. In order to eliminate the influence of infection factors on seasonal distribution of active SLE, patients who had active SLE combined with an infection were excluded from the study. Therefore, it can be discounted that infection causes a high incidence of active SLE in the winter and a low incidence in the summer.

Our study has found that there is no correlation between the absolute number of patients with active SLE and the mean humidity, while there is an inverse correlation between the number of patients with active SLE and the mean temperature, demonstrating that, based on genetic background, a low-temperature environment may be one of the causes to induce SLE. Some scholars speculate that a high incidence of SLE in winter may be caused by UV accumulation after exposure to strong sunlight in summer.[@b11-cln_66p1009] Leone et al.[@b18-cln_66p1009] found that the level of serum anti-dsDNA is increased, while the levels of C3 and C4 are decreased in patients with SLE from August to January. The mechanism of a high incidence of active SLE in winter and a low incidence in summer remains to be further elucidated.

In summary, our study indicates that active SLE has seasonal distribution and its mechanism remains to be further explored.
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###### 

Monthly distribution of 640 patients with active systemic lupus erythematosus (SLE) and their relationship with temperature.

  Month       Mean temperature(°C)   Active SLE (n)   Ratio (relative to the total number of active SLE, %)
  ----------- ---------------------- ---------------- -------------------------------------------------------
  January     16.6                   79               12.3
  February    17.7                   67               10.5
  March       20.1                   48               7.5
  April       25.0                   50               7.8
  May         27.2                   49               7.7
  June        28.4                   55               8.6
  July        29.1                   37               5.8
  August      28.7                   36               5.6
  September   27.2                   31               4.8
  October     25.7                   55               8.6
  November    22.3                   55               8.6
  December    17.7                   78               12.2
      Total                          640              100%

###### 

Relative ratios of the number of patients with active systemic lupus erythematosus (SLE) to the total number of inpatients.

  Season   Month       Inpatients (n)   Patients with active SLE (n)   Monthly relative ratios (‰)   Seasonal relative ratios (‰)
  -------- ----------- ---------------- ------------------------------ ----------------------------- ------------------------------
  Winter   December    22329            78                             3.49                          3.89
           January     18306            79                             4.32                          
           February    17014            67                             3.94                          
  Spring   March       22475            48                             2.14                          2.17
           April       22584            50                             2.21                          
           May         22658            49                             2.16                          
  Summer   June        21919            55                             2.51                          1.87
           July        23577            37                             1.57                          
           August      22813            36                             1.58                          
  Autumn   September   21328            31                             1.45                          2.12
           October     22755            55                             2.42                          
           November    22527            55                             2.44                          
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